Cytospin preparations of fine-needle aspirates from 2 1 dogs with peripheral lymphadenopathy (1 8 with lymphoma and three with lymph node hyperplasia) were studied by combining morphologic and immunocytochemical analysis. Fine-needle aspirates were taken from at least two enlarged lymph nodes, and the diagnosis was based on air-dried smears stained with May-Grunwald Giemsa. Fine-needle aspiration biopsy always provided an adequate quality and quantity of cells to perform morphologic and immunologic studies.
In human pathology, the use of immunologic techniques has greatly improved the diagnosis and classification of lymphoproliferative d i s o r d e r~.~~.~~ The significance of immunocytologic studies of fine-needle aspiration (FNA) in the diagnosis and typing of benign and malignant lymphoproliferative disorders has been Bor T-cell phenotype and the degree of maturation of neoplastic lymphoid cells have proven particularly useful in the diagnosis of human lymphoma and in the monitoring of recurrence; consequently, these techniques can often help to determine the proper thera-In dogs, early studies to characterize lymphoid cells of T-cell origin and their subpopulations were based on rosette formation techniques but were abandoned because not all T cells form and rosette formation occurs with other canine mononuclear ~e l l s .~J~ The development of monoclonal antibodies directed against or cross-reacting with canine leukocyte nophenotypic analysis of canine lymphomas based mainly on flow ~y t o m e t r y~J~,~~ or tissue ~e c t i o n s .~~,~~ These techniques have been used in the evaluation of well established.5,I7,23-25,33.34.38.40,45.48. 49 Determination of py. 23, 25, 40, 48 antigens I , 10.12.13.18.19,2 1.27.30.3 I ,42,46,52 has permitted immu-lymphoproliferative disorders, but there have been no reports on the feasibility of applying immunophenotyping techniques to fine-needle aspirates or cytospin preparations in the dog. Cytological examination has been considered a reliable diagnostic technique for lymphoma in d o g~.~J~,~~,~~,~~ The definition of the immunophenotype on cytological preparations should also help to further typify canine lymphomas and to plan clinical treatment protocols. The aim of this work was to investigate lymphoproliferative lesions in dogs by combining cytomorphologic and immunophenotypic information obtained from cytospin preparations of FNA biopsies.
Materials and Methods
Eighteen canine lymphomas and, as controls, three cases of canine lymph-node-reactive hyperplasia were studied. All dogs had been referred to the diagnostic cytology service of the Veterinary School of Milan. Aspirates from palpable lymph nodes were procured using a 2 1 -gauge needle attached to a 20-ml disposable plastic syringe. At least three separate passes per lesion were performed. The aspirated material was immediately smeared and air dried. A portion of each aspirate was suspended in 2 ml of cold (4 C), sterile phosphate- * CA series reagents produced at University of California-Davis. buffered saline solution (pH 7.2) for immunocytochemical evaluation.
Diagnosis was based on clinical, cytologic, and follow-up data. Each dog with lymphoma was staged according to the World Health Organization (WHO) clinical staging for lymphosarcoma35 on the basis of results of physical examination and diagnostic workup, which included a complete blood cell count, serum biochemical analysis, Toxoplusmu test, and abdominal and chest radiography.
FNA biopsies were taken from at least two enlarged lymph nodes, and the cytological diagnosis was based on air dried smears stained with May-Griinwald Giemsa. Lymph nodes draining the oral cavity were never aspirated because they consistently exhibit marked hyperplastic modifications.6 In cytologic preparations of lymphomas, the normal heterogeneous populations of lymph nodes are replaced by monomorphic populations of pleomorphic immature lymphoid ce11s.6." *28,36,54 In this study, the cytologic diagnosis of lymphoma was based on the presence of more than 80% immature lymphocytes. In each case, mitotic figures and tingible body macrophages (TBM) were counted in 10 fields at 400 x magnification.
None of the dogs with lymphoma had received chemotherapy previously. Following the diagnosis, in three cases no therapy was done, in 1 I cases prednisone alone was given orally, and in four cases a combination chemotherapeutic regime was administered.* Follow-up data were collected during visits and telephone calls.
For immunocytochemistry, cell suspensions were washed three times by centrifugation (800 rpm for 10 minutes) with phosphate buffer solution. No method to separate lymphocytes from nonlymphoid cells was used, because purification methods may induce a differential loss of T or B cell^.^.^] Cytospin preparations were made using a Shandon Cytocentrifuge (500 rpm for 10 minutes) with 0.25-0.50 ml of the final suspension, depending on cell concentration. The cytospin preparations were air dried, fixed in acetone at 4 C for 5 minutes, and studied directly or stored at -20 C. In each case, a control cytospin preparation was stained with Hemacolor stain (Merck, Darmstadt, Geneva) for confir-mation of the presence of lymphoma cells and for comparison with the immunoperoxidase-stained cells.
The monoclonal antibodies employed in this study and their reactivities to hematopoietic cell differentiation antigens are listed in Table 1 . The monoclonal antibodies (CA series reagents) specific for canine leukocyte antigens were developed at the University of California-Davis, These antibodies have been extensively characterized by immunohistology, multiparameter flow cytometry, antigen immunoprecipitation, and in some instances functional studies.10.30.31 They were all hybridoma culture supernatants, and they were used according to a previous titration on normal canine spleen frozen sections. A452 (DAKO, Glostrup, Denmark) is a polyclonal rabbit antiserum specific for a sequence from the cytoplasmic domain of human CD3 t chain. This antibody has shown cross-reactivity in d~g ,~~,~~,~~ cat, and horse (Moore, unpublished data). Negative controls were accomplished by substituting an irrelevant monoclonal and polyclonal antibody in place ofthe primary antibody. Normal canine splenic frozen sections were included with each run as positive controls. Cytospin slides were incubated for 10 minutes in 100 ml Tris buffer (pH 7.6), which contained 1 ml H202 solution (36%) and 100 mg sodium azide to quench endogenous peroxidase activity, then rinsed in Tris buffer and blocked with horse serum (CA series reagents) or goat serum (A452) at a 1 : 15 dilution for 20 minutes. The primary antibody was applied at a 1 : 5 dilution (CA series reagents) and at a 1 : 900 dilution (A452) overnight at 4 C in humidified containers to prevent desiccation. Slides were rinsed in 0.01% Triton X-100 (Sigma Chemical Co., St. Louis, MO) solution in Tris buffer three times for 3 minutes each time. Two secondary biotinylated antibodies, horse anti-mouse and goat anti-rabbit (Vector Laboratories, Burlingame, CA), were applied for 30 minutes (1 : 400 dilution), and rinses in 0.01% Triton X-100 solution in Tris buffer were repeated. Avidin-biotinylated horseradish peroxidase complex (ABC reagent, Vectastain, Vector Laboratories) was applied for 30 minutes, and after three rinses a substrate-chromogen mixture (hydrogen peroxide and diaminobenzidine tetraHC1-nickel chloride substrate purchased as a kit [peroxidase substrate kit, Vector Vet Pathol 33:2, 1996 Laboratories]) was used for 3 minutes. The slides were then washed in distilled water, counterstained with Mayer's hematoxylin for 1 minute, dehydrated, and mounted. The positivity was estimated by evaluating the overall percentage of stained cells according to the following criteria: -= negative; The confirmation of hematopoietic origin was based on broadly expressed leukocyte antigens such as CD45, CD45RA, CD18, and major histocompatability complex (MHC) class 11. The diagnosis of B-cell lymphoma was based on the identification of CD2 1 antigen in the absence of T-cell-specific markers. The diagnosis of T-cell lymphoma was based on the recognition of CD3, CD4, and CD8 expression in the absence of CD2 1 antigen. Lymphomas lacking CD2 1, CD3, CD4, and CD8 expression were classified as non-B-non-T lymphomas.
Statistical analysis of data was performed using the SAS statistical package (SAS, Cary, NC). Differences in mean values were calculated with a nonparametric analysis ofvariance with the Kruskal-Wallis test.
Results
The 18 dogs with lymphoma ranged in age from 2.5 to 13 years (X = 7 years). All dogs presented with painless lymphadenopathy and had widespread disease, stage 111-V, on clinical examination. F'NA biopsy always provided an adequate quantity and quality of sample to perform cytomorphologic and immunologic analyses.
The immunocytochemical observations as evaluated by cytospin preparations are shown in Table 2 . Immunostaining appeared as a brown ring ( Fig. 1) and, in the case of antibodies CA2.1C12 and A452, as intracytoplasmic dots as well ( Fig. 2 ). Based on these results, the lymphomas were classified in 14 cases as B-cell type ( Fig. 3 ), in three cases as T-cell type (Fig.  4) , and in one case as a non-B-non-T-cell type.
Nine B-cell type lymphomas (dog Nos. 4-6, 8-10, 12, 13, 20) showed low C D 18 expression, but no correlation with lower survival times was observed. CD45, CD45RA, and MHC class I1 expression was partially lost (scored + + or less) in dog Nos. 4, 15, 16, and 21 ( Fig. 5) . Two T-cell lymphomas expressed CD8 antigen (dog Nos. 15, 21) and another lacked CD4 or CD8 expression (dog No. 16). Small numbers of normal lymphocytes of B or T type were observed in many lymphomas ( Fig. 6 ) and they account for most of the +/-or + scores in Table 2 .
Cytologically, hyperplastic lymph nodes showed a heterogeneous cell population with mature small lymphocytes as the predominant cell type. In lymphomas, a monotonous population of immature, medium-to large-sized lymphoid cells characterized the smear. Some nuclear indentation was seen in cells from Nos. clear features, but in cells from No. 11 a single, prominent, centrally located nucleolus was observed. Neoplastic cells in all lymphomas had a lower nuclear/ cytoplasmic ratio than did mature small lymphocytes because of a broad rim of often strongly basophilic cytoplasm. Cell fragility, which resulted in naked nuclei and round cytoplasmic fragments, was more commonly found in lymphomas than in hyperplasia. In lymphomas, number of mitotic figures, counted in 10 fields at 400 x magnification, ranged from 1 to 59 (X = 17.6) and number of TBM ranged from 1 to 53 (X = 12.2). The mitosis/TBM ratio was consistently higher in T-cell lymphomas and in the one case of non-Bnon-T-cell lymphoma (range = 5.5-30, X = 19.9, SE = 6.1) than that in B-cell lymphomas (range = 0.2-5, x = 1.3, SE = 0.4). These differences were statistically significant (P = 0.0029). Blood smears were examined in 15 lymphomas; two of them were clearly leukemic (Nos. 7, 15), and No. 14 became leukemic after 1 month of chemotherapy. In dog No. 15, the immunophenotypic study was conducted on blood and fine-needle aspirate of lymph node, and the results were identical.
Discussion
The application of cytology in the primary diagnosis of human non-Hodgkin's lymphomas has been controversial because of the complexity of classification and a high frequency of low grade neoplasia. Subsequently, numerous studies have coupled FNA biopsy Caniatti, Roccabianca, Scanziani, Paltrinieri, and Moore and immunocytochemical studies in an attempt to im-immature lymphocytes exceeds 50% of the population, prove the diagnostic accuracy of cytologic evalua-the cytologic specimen is considered diagnostic for tion. 5,17,23.25.34.40,45,4x In contrast, cytologic examination 1ymphoma.I' In o u r study, the cytologic diagnosis of has been generally accepted as a reliable diagnostic lymphoma was based on the presence of >8O% of technique for canine lymphomas,6J1~2x~36~54 which are immature, pleomorphic lymphoid cells, which realmost all diffuse type t u r n~~~.~ When the number of placed the normal heterogeneous lymph node popu-lation. Cases of lymphocytic lymphoma were not encountered.
Although a major disadvantage of FNA is the lack of information concerning the morphologic structure of the lesion, FNA biopsy is an inexpensive and rapid procedure, providing less inconvenience and discomfort to the patient, permitting multiple-site biopsy, and allowing serial sampling, particularly when inconclusive results are or suspicion of recurrence must be a s~e s s e d .~~,~~ In human non-Hodgkin's lymphomas, FNA biopsy appears to be most useful in the selection of representative lymph nodes for surgical biopsy, in the assessment of the extent of node involvement following histologic diagnosis, and to avoid major surgery in advanced diseases in the absence of superficial lymph node inv~lvement.~~ Nevertheless, in recent years FNA cytology in association with immunocytochemistry has been consistently applied for the diagnosis and classification of the majority of lymphomas and has a diagnostic accuracy comparable to that of immunocytochemistry on tissue ~e c t i o n s . *~,~~,~~ Immunologic studies have greatly improved the diagnosis and classification of lymphomas in dogs; immunophenotyping can be carried out on frozen ~e c t i o n s~~,~~ and cell s u~p e n s i o n s .~J~~~~ Frozen sections provide structural and cytologic features, while flow cytometry of cell suspensions gives no morphologic information. Cytospin preparations from fresh cell suspensions of lymph node fine-needle aspirate do however provide both cell immunophenotype and cytomorphologic features. The cytologic details in immunostained smears are of higher quality than details in frozen ~e c t i o n s .~~.~~ In cytospin preparations, artifactual distortion of cells cannot be discounted, even using low centrifugation speed. However, the use of a standardized technique ensures that any distortion introduced is present in all samples.47 Moreover, cytospin preparations allow easy storage, staining, and assessment of immunocytochemical data. In particular, cytospin preparations used for immunocytochemistry have little or no background staining, unlike smears of aspirated cells. 48 Cytologic techniques have been considered limiting for the collection of large numbers of cells for immunocytochemical analysis, particularly when flow cytometry is a~p1ied.l~ In this study, FNA biopsies always provided an adequate amount of cells, resulting in not less than 24 cytospin preparations per case.
In one study of canine lymphomas,50 no relationship was found between the mitotic index and the number of TBM. However, in our study an inverse relationship was found (high mitotic index\low number of TBM) when these findings were correlated with T-cell and non-B-non-T-cell phenotype. These results, although statistically significant (P = 0.0029), need to be confirmed with larger sample sizes. The observation of a lower number of TBM in T-cell lymphomas is in accordance with the results of a previous study. 50 Previous studies attempting to phenotype canine lymphomas have been hampered by the paucity of specific markers. Our study was carried out using eight murine monoclonal antibodies specific for canine leukocyte a n t i g e n~~~s~~,~~ and a polyclonal antibody (A4.52) directed against a synthetic peptide based on a sequence from the cytoplasmic domain of human CD3 E chainz6 CD3 E sequence in this region is virtually identical in several mammalian species, including dogs. 32 The diagnosis of hematopoietic neoplasia was confirmed by broadly expressed leukocyte antigens such as CD4.5, CD45RA, CD18, and MHC class 11. All lymphomas strongly expressed MHC class I1 (in at least 50% ofcells), in contrast to results reported by others3J4 using human antibodies.
The majority of lymphomas showed a B-cell phenotype based on CD2 1 expression (1 4 out of 18). These data parallel those reported by others from histologic and from flow cytometry with surface imm u n o g l~b u l i n s .~J~~~~ Nine cases of B-cell-type lymphoma showed low CD 18 (p-2 integrin) expression, which probably reflects low LFA-1 (CD 1 1 a) expression. Similar results have been reported in human B-cell lymphomas in which 20-67% (depending on lymphoma subtype) lacked CD 18 expression. Lack of LFA-1 or CD 18 expression was considered useful in suggesting the diagnosis of lymphoid n e o p l a~i a .~~ The small CD8or CD4-positive T-cells (+/-or +) in B-cell lymphomas were similar to those described in tissue sections of human non-Hodgkin's lymphomas. l5 The presence of these cells could be interpreted as a residual normal population or as an immunologic response to the neoplasm, but to better understand their role and distribution, studies on frozen sections are necessary. Two B-cell lymphomas (Nos. 6, 12) were Thy-I positive. This dual expression has been previously reported. l 4 However, the Thy-1 antigen is expressed by a variety of tissues (brain, kidney, thymus), peripheral T cells, thymocytes, monocytes, and eosinophils and in the early differentiation stages of the lymphoid series in the bone marrow20~27 (Moore, unpublished data). Thus, immature B cells are able to express Thy-1 on their surface,2o and Thy-1 expression has been observed in B-cell leukemias of the dog (Moore, unpublished data). Hence, because of its wide expression, Thy-1 should not be considered specific for the T-cell lineage and consequently should not be used to indicate T-cell origin in lymphomas.
The diagnosis of T-cell lymphoma was based on the recognition of CD3 expression by lymphoma cells in three dogs. In our study, two T-cell lymphomas showed Vet Pathol 33:2, 1996 a low expression of CD45RA; these data were consistent with the observations of o t h e r~~~.~~ and would support a memory cell phenotype in these instances. 39 One case of lymphoma (dog No.7) that lacked CD2 1 and CD3 expression was classified as non-B-non-T lymphoma. This lymphoma expressed Thy-1 and should be investigated with additional markers to gain further insight into the cell lineage. In all cases, the presence of some small normal B or T lymphocytes (scored + or +/-) appears to be very useful to evaluate the immunocytochemical staining because they provide the sample with an internal positive control.
In conclusion, although immunoperoxidase techniques are widely used for the histologic evaluation of a great variety of lesions, there are few papers available on the application of these techniques to FNA biopsy in veterinary medicine. * In this study, the combination of FNA cytology and immunophenotyping was an accurate method for the diagnosis and classification of canine lymphomas. Cytospin preparations provided a practical and economical approach to immunophenotype and morphologic studies. From a practical point of view, among the antibodies used in this work, CA12.1OC12, CA4.1D3, A452, andCA2.1D6, usedas a group, appear to be most efficient in suggesting lymphoid origin and discriminating between T and B cells. More cases need to be analyzed to refine the classification of canine lymphomas by cytomorphologic procedures. Also, the relationships among cytology, histology, immunophenotype, prognosis, and response to chemotherapy needs further investigation in dogs. 
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